An acetylcholine hydrolyzing enzyme was prepared and purified (40 times) from dwarf bean hypocotyl hooks. The purity of the enzyme was proved by polyacrylamide gel electrophoresis. The molecular weight of the enzyme was determined to be 65,000 daltons. Enzyme activity was the highest at pH 8.0 and between 30 and 36 C. The enzyme had an apparent affinity constant (Kin) for acetylcholine of 460/micromolar. The affinity for substrate analogs increased from butyrylthiocholine to propionylthiocholine to acetylthiocholine. The enzyme activity was inhibited by choline, neostigmine, physostigmine, manganese, and calcium. Magnesium had no influence on the enzyme activity. We conclude that the enzyme from dwarf beans is an acetylcholinesterase (EC 3.1.1.7).
Acetylcholine is one of the several naturally occurring esters of choline in animals and plants. Although its only well understood function is that of a neurotransmitter (25) it is found in nonnervous tissues of multicellular animals, protozoa, bacteria, and all plants so far investigated (1 1, 17) . The physiological function of acetylcholine in plants and other nonnervous organisms remains unclear and controversial. Besides the transmitter function of acetylcholine in the nervous systems of animals there are many other reactions of acetylcholine in nervous or nonnervous tissues of many organisms which are not understood. To overcome this ignorance it is necessary to investigate the pathways of synthesis and degradation, especially in plant tissues. Riov and Jaffe (27) isolated the enzyme cholinesterase (EC 3.1.1.8) from mung bean roots (Phaseolus aureus, Roxb.), Kasturi and Vasantharajan (21) identified it in peas (Pisum sativum L.), and Wettlauffer (29) isolated it from etiolated hypocotyl hooks of dwarf beans (Phaseolus vulgaris L.).
We report data which characterize an acetylcholine-hydrolyzing enzyme from green hypocotyl hooks of dwarf beans.
MATERIALS AND METHODS
Dwarf beans (P. vulgaris, var. St. Andreas, erste Ernte, grunhulsig) were grown in a constant temperature room at 20 C ± I C, in plastic tanks covered with a glass plate. The substrate (moist Vermiculite) was sterilized and the light conditions were 16 h red light (Philips fluorescent tubes TL 40 W/ 15 with Plexiglas filter, Rohm No. 501 red, 4.8 w m 2) and 8 h dark. The dwarf bean seedlings were harvested after 7 days and the hook part excised above the cotyledons.
The hooks were homogenized in 10 mm K-phosphate (buffer A, pH 7.0) using 4 mg/ml) was put on a column of Sepharose 6B which had previously been equilibrated with buffer A, and elution was done with buffer A. The flow rate was 18 ml/h and fractions of 3 ml were collected. To avoid overlapping with the other protein bands, we did not use all of the fractions which showed acetylcholine hydrolyzing activity (only 10 fractions, no 32-42, were used). Ammonium sulfate was added to 80% saturation to the collected fractions and they were stored overnight at 4 C. The precipitated proteins were then centrifuged for 30 min at 40,000g, the pellet redissolved in 3-5 ml buffer (depending on the protein concentration) and dialyzed for 24 h against buffer A. The purification factor obtained by this procedure was about 40 x. The enzyme could be stored at 4 C for several weeks without changes in activity after the solution had been saturated to 40% with glycerol.
The enzyme activity of the acetylcholinesterase was determined by the method of Ellman et al. (9) with acetylthiocholine chloride as a substrate and DTNB2 as a reagent. The substrate, substrate analogs, inhibitors, and effectors were dissolved in 0.5 M K-phosphate (pH 8.0). Before the substrate was added the solution was preincubated at 34 C.
The reaction was measured by the change in light absorbance at 436 nm against a reference sample without enzyme. The protein contents of the preparations were determined by the method of Bradford (4) . Polyacrylamide gel electrophoresis was used to prove the purity of the preparations according to Ornstein (26) and Davis (7) . The separations were carried out in 5% gels with a current of 5 mamp/gel; about 100 ,ug of protein was added to each gel in Tris-glycine (pH 8.8). Tracking dye was bromophenol blue. The gels were stained for 15 min with Coomassie blue G-250 and destained with a 13% methanolic acetic acid solution. The gels were then scanned by a gel scanner at 579 nm.
The identification of the acetylcholinesterase activity in the gel was performed with the Ellman test and a single deep yellow band could be observed after the incubation of the gels in the substrate. The localization was identical with the Coomassie blue-stained band. The mol wt of the enzyme was determined by TLC on Sephadex G-200 super fine. Chymotrypsinogen, albumin (egg), albumin (bovine), aldolase, and catalase were used for calibration. Figure I shows a typical elution profile of one of the enzyme preparations. The other figures represent mean values from three of four determinations from the same preparations. All experiments were repeated at least three times and showed the same tendency but with variations in the absolute values dependent on the batch of beans used.
Acetylthiocholine chloride, butyrylthiocholine chloride, DTNB, physostigmine sulfate, neostigmine sulfate, and choline chloride were purchased from Sigma Chemicals (Munchen); Sepharose 6B and Sephadex G-200 were from Pharmacia Fine Chemicals (Freiburg). Calibration proteins and Cyt c were from Boehringer Mannheim. Figure 1 shows the elution profile of a separation of the protein preparation using Sepharose 6B. Hydrolyzing activity was found in peak 2. Electrophoresis of this peak on a polyacrylamide gel gave a single band with a relative mobility of 0.37 (Fig. 1) . In peak 1, which occurs in the void volume, as well as in peak 3, no acetylcholine hydrolyzing activity could be demonstrated. The mol wt of the enzyme was found to be 65,000 daltons using two methods (Fig. 2, A and B) . Its specific catalytic activity was 2.1 tikat g-'; Figure 3 shows a typical substrate hydrolysis of the prepared enzyme. Km was determined using acetylthiocholine concentrations of 10 mm-v100 /M; a Lineweaver-Burk plot showed a Km of 460 ,LM. Optimum enzyme activity was found at pH 8.0 and between 30 and 36 C (Fig. 4, A and B) . Figure 5A shows the rates of hydrolysis of three esters of thiocholine by the enzyme, and the following sequence of hydrolysis velocities was found: acetylthiocholine-propionylthiocholinebutyrylthiocholine. The effect of choline on the enzyme activity was tested using concentrations of between 10 mm and 0.1 lM with a constant substrate concentration of I mM; complex interactions were found. Concentrations higher than I mm stimulated the enzyme activity whereas concentrations lower than I mm inhibited the enzyme activity. The highest inhibition was found with 20 ,LM choline (Fig. SB) . Figure 3 shows (Fig. 6) . The enzyme activity was further inhibited by neostigmine and physostigmine, which showed half-maximal inhibitions of 5 and 100 ,UM (Fig. 7) .
DISCUSSION
Dwarf bean seedlings which were grown in red light were used and enzyme preparations were made from excised hypocotyl hooks. The hypocotyl hook is a very sensitive plant tissue which shows light-induced action potentials (15, 16) and bending growth reactions (22) . This region contains the highest concentration of phytochrome (13) and acetylcholine (Hartmann, unpublished) of the whole seedling. Phytochrome is one of the most important plant pigments inducing photomorphogenic reactions (3, 5) . The acetylcholine content of different plant tissues (14, 19) is regulated via phytochrome. Kasturi (20) further reported that the cholinesterase synthesis of pea seedlings is regulated by phytochrome. Unfortunately, we have no information at present about the significance of the interactions between phytochrome and acetylcholine. In animals cholinester-hydrolyzing enzymes can be divided into two classes: cholinesterases (EC 3.1.1.8) and acetylcholinesterases (EC 3.1.1.7) . In plants, the question arises of whether this is a convenient method of classification; there is the problem of differentiating between the two types of enzymes. Fluck and Jaffe (12) characterized acetylcholine-hydrolyzing enzymes from mung beans (P. aureus Rox.) eggplant (Solanum melongena L.), and corn (Zea mays L.) with significant differences for each enzyme from the three plant species. They suggest that the enzyme prepared from corn seedlings is not a cholinesterase. Kasturi which was characterized as a cholinesterase. The main criterion used to classify the acetylcholine-hydrolyzing enzymes is the relative velocity of hydrolysis of different choline esters. Cholinesterases (EC 3.1.1.8) have the highest hydrolyzing rate for butyrylcholine and much lower rates for acetylcholine or other choline esters. The enzyme which was prepared in this study hydrolyzed butyrylthiocholine and propionylthiocholine with 12 and 80%, respectively, of the velocity determined for acetylthiocholine. Therefore we must conclude that it is better to classify the described enzyme as an acetylcholinesterase (EC 3.1.1.7) rather than a cholinesterase (EC 3.1.1.8).
There is still the question if this plant enzyme is really specific for cholinesters. We have tested various substrates commonly used for plant hydrolases and in no cases could hydrolyzing activity be found. The data of Fluck and Jaffe (10) further showed that this enzyme could not be a pectinase.
Although plant and animal cholinesterases have some important characteristics in common, there are a number of contradictory results which show that they differ in some respects. Hollunger and Niklasson (18) (2) . This also conflicts with data from other plant enzyme preparations (27) . High concentrations of choline stimulated the enzyme activity. A similar effect was reported for mung beans, but using lower concentrations of choline (27) . In our preparations the hydrolyzing activity was inhibited by low choline concentrations, and at 20 ,aM choline maximum inhibition was found. As found with animal enzymes (8, 23) 
